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A World’s Dilemma ‘Upon Which the Sun 
Never Sets’ – The Nuclear Waste Manage-
ment Strategy: Western European Nation 
States and the United States of America
Part I

Mark Callis Sanders and Charlotta E. Sanders

Due to the length of the paper and editorial requirements of atw, this paper is published in three successive parts. The authors 
and editor hope that you will enjoy and look forward to reading the entire paper, as each division is published.
Part I, includes Sections 1 – 5, discusses the background, overview of the world nuclear waste dilemma, as well as the 
 international nuclear legal framework. Part II, includes Sections 6.0 – 6.3, discusses the European Union framework, as 
well as the specific nations: The Republic of France and The United Kingdom. Part III, includes Sections 6.4 – 8, discusses 
the specific nations: Republic of Germany, Republic of Finland, Kingdom of Sweden, and The United States of America. It also 
provides the conclusive statements to the paper and the reference section.”
This is a shortened version of an article previously published in the journal Progress in Nuclear Energy. The full-length version 
of this paper may be found at: M.C. Sanders and C.E. Sanders, “A world’s dilemma ‘upon which the sun never sets’ – The 
 nuclear waste management strategy (part I): Western European Nation States and the United States of America”, Progress in 
Nuclear Energy 90, 69-97 (2016).

1 Introduction It is generally argued that the use of nuclear power is viewed as a means to produce electricity 
while remaining nearly carbon neutral [1]. Despite the events surrounding Fukushima1, this fact is forwarded by some 
as a suggested reason for growth in the popularity of nuclear power in certain corners of the globe [2]. 

In Europe for instance, the European 
Commission stated it would develop a 
roadmap to support “greater energy 
security and resource independence 
of the European Union (EU) by 2020” 
[3]. In the United Kingdom (UK), such 
sentimentisreflectedbyitsparliament
in “An Act to make provision for the 
setting of a decarbonisation target 
range and duties in relation to it.2” On 
November26,2009,theStateCouncil
ofChinaannouncedthatChinawould
“reduce the intensity of carbon  dioxide 
emissions per unit of GDP in 2020  
by 40 to 45 % compared to [levels 
 emitted in] 2005” [4]. 

However, no matter how lofty a 
goal among the nations of the earth  
to increase the use of atomic energy  
to reduce carbon release into the 
 atmosphere for producing electricity, 
there remains an issue ‘upon which 

the sun never sets3’ – the nuclear 
waste management strategy. 

The paper presents an overview of 
the various options in strategy that is 
currently being looked into, used, or 
desired by nation states. Further, a 
brief review of the legislative and 
 governmental structure of the nation 
state is presented, as well as a brief 
historical overview of the path to the 
use of atomic energy in the nation 
state. Finally, a review of the corre-
sponding laws relating to nuclear 
waste management and permanent 
disposal is considered. 

The overall intent and purpose of 
the paper is an overview/review of  the 
current trends and conditions found 
among nation states in various regions 
of the globe. However, the  paper 
 arrives at the conclusion that each 
 nation state must look not only 

outward to its international obliga-
tions, but also more importantly  inward 
to its own traditions, customs, and law 
 making structures to achieve stability 
in linking a nuclear waste management 
strategy to its rightful place in the chain 
of history of a  particular nation state. 

2 Background
World energy consumption is  expected 
to grow during this century. Nuclear 
power is a base-load low carbon 
source of energy and can contribute to 
thefightagainstclimatechange. It is
vital that politicians take the lead and 
implement bold decisions regarding 
the energy mix [5]. Developments in 
Finland and Sweden or the United 
Kingdom (UK) demonstrate that if the 
political decision to include nuclear in 
the energy mix is taken and presented 
in a manner consistent with a nation’s 

1) “ Fukushima” refers to the nuclear accident which occurred on March 11, 2011 following the earthquake and tsunami off the coast of Japan at 
the Fukushima Diaachi  Nuclear site. 

2) Energy Act 2013
3) “ The empire on which the sun never sets” is used in variation to describe certain global empires during periods of history. The extent of these 

 empires is such that there is always at least one part of the territory that is in daylight. Original use occurred during the time of the Spanish 
 Empire (mainly in the 16th and 17th centuries), as well  during the era of the British Empire (mainly in the 19th and early 20th centuries). In the 
early 16th century, the phrase, “el imperio en el que nunca se pone el sol” (the empire on which the sun never sets) originated with a remark 
made by Fray Francisco de Ugalde to Charles I of Spain (r. 1512 to 1556). He was king of Spain and emperor of the Holy Roman Empire. The 
 empire included many territories in Europe, islands in the Mediterranean and Atlantic, cities in North Africa and vast territories in the Americas. 
The British Empire was at its largest extent in 1919. Through the treaty of Versailles, Britain acquired Germany’s East and West African colonies 
and Samoa. [6]. As  nuclear waste management is an issue facing all nuclear power generating nations and all people everywhere, it is an issue 
upon which the sun is always shining twentyfour hours a day, seven days a week. In addition, spent nuclear fuel (SNF) will require storage for 
hundreds to thousands of years into the future. Thus, this is also an issue, in the course of human events, upon which the sun will not set for a 
lengthy span of time into the future.
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legal customs and traditions, as well 
as a connection to its past, then a 
 population tends to become more 
 favorable to nuclear power [5]. 

It must be noted, that the decision- 
making processes between the nation 
states in determining a nuclear waste 
management strategy will no doubt 
vary. Some of the nation states “will 
not be as democratic as others, so that 
decisions to site a repository will 
 probably be in the hands of an elite 
with vested interests” [7]. 

Each nation state, though it has 
 international obligations, ultimately 
makes an independent choice regard-
ing its use of atomic fission and a
 nuclear waste management strategy. 
The Swedish historian and author 
 Geijer4 in the early 1800’s proposed 
the proposition that ‘human history is 
a chain of connections of people and 
ideas through the ages of time’. He 
suggested that in order to achieve 
 stability between the bonds that link 
these connections, sudden large 
chasms should not appear between 
each link of this chain. Based on this 
model, each new action, decision, or 
discovery should therefore occur at a 
slow and steady pace in its pro-
gression. To achieve this sought after 
‘stability,’ an incremental or step-by-
step approach is therefore required. 
The Chinese have a similar philoso-
phy, which is presented in the proverb 
that one should “cross the river by 
feeling the stones5.” 

The origins leading to the dis-
covery of atomic fission (pre-World
War II) have a linkage to past discov-
eries in the preceding centuries.  
A particular problem in “stability 
throughlinkage”arosechieflydueto
howthecurrentuseofatomicfission
for peaceful purposes in energy pro-
duction (post-World War II) came to 
fruition because of and through the 
discoveries occurring while in the 
darkness of secrecy for developing the 
atom bomb under the auspices of the 
Manhattan project6. The sudden thrust 
of atomic fission on the conscious of
humanity in August 1945 with the 

dropping of the atom bomb did not al-
low this new force to achieve a 
“ stability through linkage” in human-
kind’s history chain. Instead, there 
 appears to be a metaphorical gap in 
this period of history. It lies in stark 
contrast to Geijer’s “stability through 
linkage” proposition. Therefore, there 
exists a need to provide stability in the 
sustainability model for nuclear pow-
er generation, and more importantly, 
with issues surrounding nuclear waste 
management. Thus, it is possible to 
jump the hurdles that seem to beset 
nuclear waste management programs 
and the dilemma faced. 

3 The dilemma 
The American poet Robert Frost7 
 refers to the concept of “dilemma” as 
“two roads diverging in a yellow 
wood,” in which the traveler is not able 
to “travel both” [9]. In other words, 
the traveler must reach a point in his 
journey at which he must make a 
 reasonably intelligent decision about 
which route to travel based on the 
knowledge which he possesses at that 
moment in time. The Swedish  National 
Council for Nuclear Waste (previously 
known as KASAM) wrote in 1998: 

“We have a responsibility to search 
for the optimum solution on the 
basis of the knowledge that we 
have today. Since our knowledge of 
the long-term evolution of the 
 repository is imperfect, our assess-
ment of the consequences of our 
solution will be uncertain. For this 
reason, we must choose a solution 
that is sufficiently open to allow
 future generations freedom of 
choice. However, there are inevi-
tably crucial cutoff points in time, 
in terms of both preserving 
 freedom of choice and taking 
 responsibility for the consequences 
of our actions. Our opportunity  
for assuming moral responsibility 
 declines with time on a sliding 
scale” [10]. 

Further, Professor Tom Burke stated in 
2007, “We will not get far in meeting 
this challenge successfully for 

ourselves and for our children until 
we recognize that what we face is a 
shared dilemma [11].” He further 
 explains that the risk of too long of a 
delay for a decision-maker is that he 
“risk[s] being gored by both of its 
horns if [he] takes too long to decide 
what to do. Then, [he has] the worst 
of both worlds” [ibid]. 

In order to appreciate the different 
challenges and paths chosen by nation 
states regarding a nuclear waste man-
agement strategy, it is important to 
gain not only an understanding of the 
technologies available/chosen, but to 
gain an insight into the cultural, his-
torical and legislative processes of a 
nation state as well. These non-techni-
cal workings help to determine the 
scientific technology employed, as
well as the legal and siting process for 
a permanent disposal site in a nation’s 
waste management strategy. 

3.1 Sustainability model
It is worth noting, that nation states 
currently producing energy through 
atomic fission are at various stages 
of development in the nuclear waste 
management strategy. Each nation 
state makes an independent choice in 
the dilemma it faces for its nuclear 
waste management strategy. Factors 
which must be taken into account  
and which vary between each nation 
state include, but are not limited  
to, land capacity, cost, politics8 (both 
on a  national and local level)  
and  environmental concerns. Other 
 factors that also affect the decision  
of policy- makers in determining a 
 nation state’s waste management 
strategy involve what may be termed 
“concrete factors,” and involve such 
issues surrounding the type of waste 
generated through civilian applica-
tions of radionuclides in medicine, 
 research, and industry. Major sources 
of non-military waste is atomic power 
generation, including various steps in 
the nuclear fuel cycle such as fuel 
 fabrication, power plant operation, 
 reprocessing, and the decommission-
ing of nuclear facilities. 

4) Erik Gustaf Geijer (17831847) was a Swedish writer, historian, poet, philosopher, and composer. His writings served to promote Swedish 
 National Romanticism. Though he began his career on the “conservative” side of the political spectrum, he later changed belief systems, for 
which he was wildly attacked by colleagues. He became an influential advocate of “liberalism.”

5) “Cross the river by feeling the stones.” 摸着石头过河 Mōzhe shítou guòhé. 
6) U.S. government research project (194245) – The U.S. Army Corps of Engineers established the Manhattan Engineer District to develop and 

build the atom bomb. Today, the U.S. Department of Energy continues to own and manage the Federal properties at most of the major 
 Manhattan  Project sites, including Oak Ridge, Tennessee; Hanford, Washington; and Los Alamos, New Mexico. This secret project was only 
 revealed to the American people following the atomic bombings of Hiroshima and Nagasaki (Japan). At its peak, the project employed 130,000 
workers and, by the end of the war, had spent $2.2 billion [8].

7) Robert Lee Frost (18741963), an American poet, whose work was initially published in England before it was published in America focused on 
realistic depictions of rural life. He is known for his command of American colloquial speech. 

8) For nation states that are members of the European Union (EU), EU regulations and directives also must be taken into consideration, due to the 
supremacy of EU law.
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A 3-Circles concept provides the
current foundation when discussing 
the ingredients needed for the 
 sustainable development of a nuclear 
waste management strategy, which is 
found in Figure 1. The three noted 
 areas of sustainable development are: 
(1) Economy – which encompasses 
the area of funding the costs to the 
building of a storage site or facility; 
(2) Environment – this requires that 
the science and technology demon-
strate that the waste can be stored 
with minimal impact towards the 
 environment and society at large; and, 
(3) Society – the decision taken must 
be done in an open and ethical  manner 
which provides confidence and trust
by society of the decision makers. 
However, what the 3-Circles con-

cept fails to consider is the required 
stabilizing structure (much like the 
flour provides to a cake) which is
needed, and is the law itself. The law 
provides the stability, which allows  
for the sustainability of the action 
 undertaken. The law must be written 
in a way to assure finality in the
 decision-making process and provide 
assurance to the public at large that 
nuclear wastes/spent nuclear fuel 
(SNF) will be finally and effectively
managed. There must now be a move 
away from the question – “is it ethical 
to leave nuclear wastes/SNF for future 
generations to manage?”

The answer to this question has 
 already been pre-determined by a 
generation or two before our current 
day. It must be readily understood 
that the nuclear wastes/SNF is now in 
existence, and therefore the question 
should be, “how shall we best store  
the nuclear wastes/SNF to limit  
its  impact on future generations?” 

Thus, the  authors recommend adding  
the additional or 4th circle of Stability 
(i.e., the Law) into the sustainability 
model for nuclear waste management, 
presented in Figure 2, the 4-Circles
Concept.

The adding of the Stability ingre-
dient to the sustainability model is in 
line with the U.S. Blue Commission 
March 2011 findings regarding the
 situation of the U.S. high-level waste 
management program in which it 
states:

“A common thread running 
throughwhattheCommissionhas
heard to date is that the nation’s 
inability thus far to develop a 
 permanent repository for highly 
radioactive waste reflects failures
that are primarily social and 
 political, not technical.  Undeniably, 
there are technical challenges to 
management of the back-end of 
the nuclear fuel cycle. But these 
difficulties have been dwarfed 
by the challenge of devising, 
 implementing, and sustaining a 
policy and programs that are 
 perceived to be fair, equitable, safe 
and sustainable” [12]. 

4  International Nuclear 
Waste Management 
Framework & ‘Communi-
cation’

4.1  International Nuclear 
Waste Legal Framework 

“Why is clarity in [public] inter-
national law important? All law,  
to be worthy of its name, should be 
as clear as possible. Is clarity a 
 particular issue for international 
law? There are a number of  
 reasons why it is important. First, 

inter national law is often seen 
among the public, including the 
well- informed public, and even 
among lawyers, as highly subjec-
tive, even political. They some-
times question whether it is law at 
all, or whether with the general 
absence of courts or enforcement, 
it needs to be obeyed” [13]. 

This then raises the question – Do 
 international obligations, such as the 
International Convention on Nuclear 
Waste Management have value in  
the “real” world? This issue is highly 
 subjective as one might raise the 
 concern that without “absolute 
 clarity” and an enforcement mecha-
nism there is, as such, no worth 
 therein. However, this topic should be 
viewed with the understanding that 
such matters involve many divergent 
desires and viewpoints among the 
 nation states involved, and therefore 
the path to obtain “absolute clarity” is 
often certainly impaired. A key feature 
is that such international obligations 
provide a sense of purpose and 
 direction, which on the international 
playingfieldisoftenofmorevalueas
it may provide the desired sense of 
“stability”, than the sought after 
 concept of “absolute clarity”. 
Certainly,asMr. Putin indicates in 

the quote provided above, for various 
nation states the principle of  territorial 
integrity and self-determination is  
of paramount importance. Therefore, 
one generally tends to be left with  
the concept of “adequate” as an 
 over arching feature in these inter-
national obligations for the purpose 
which is at hand, than that of “ absolute 
clarity”. 

Brenner M. Fissell proposes that 
certain academics (Dworkin, Radin, 

 | Fig. 1. 
The 3circles concept for sustainable development in radioactive waste  management.

 | Fig. 2. 
The 4circles concept for sustainable development in radioactive waste management.
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Barnett, etc.) “put forward the quasi- 
natural-law-like position that the rule 
of law, while incorporating positive 
law, must also take into account  
the general public morality that is 
 supposed to undergird that law” [14]. 
He further argues that due to this 
 concept of “morality” being taken into 
account among population groups in 
the law making decision (more so 
when presented before a jury) “a more 
complicated array of outcomes is 
 produced (the majority of which are 
harmful to the rule of law)” [ibid]. It is 
further argued that such outcomes  
are due to “localisms” which vary 
 between populations, and thus among 
nation states. These ‘localisms’ then 
lead to “threaten[ing] the consistent 
application of the general rule: they 
undermine the “congruence” aspect 
of the rule of law” [ibid.]. 

However, decision-makers may use 
these “localisms9” as a tool to achieve 
stability in the history chain link by 
creating a strategy in nuclear waste 
management that is com parable  
to those of the other nation state 
counterparties. 

4.1.1  The ‘adequate’ Nuclear 
Waste Management 
 Convention

The Joint Convention on the Safety of 
SNF Management and on the Safety  
of Radioactive Waste Management is 
the first legal instrument to directly
address these types of issues on a 
global level. The convention was 
opened for signature on September 
29, 1997, and entered into force on 
June 18, 2001. The Joint Convention 
applies to SNF and radioactive  
waste resulting from civilian nuclear 
 reactors and other nuclear wastes 
generated by the private (civil sector). 
Further, SNF and radioactive waste 
from military or defense programs fall 
under the auspices of the convention 
only if, and when, such materials are 
transferred permanently to manage-
ment within exclusively civilian pro-
grams, or when declared as SNF or 
radioactive waste for the purpose of 

the Convention by the Contracting
Party.TheConventionalsoappliesto
planned and controlled releases into 
the environment of liquid or gaseous 
radioactive materials from a regulated 
nuclear facility.TheConventioncalls
for regular review meetings of the 
ContractingParties.
EachContractingPartyisrequired

to submit a national report to each 
 review meeting that addresses 
 measures taken to implement each  
of theobligationsof theConvention.
The convention provides direction in a 
number of areas, without providing 
specifics10. For instance, the conven-
tion requires contracting parties take 
steps that ensure the “design and 
 construction of a SNF management 
facility” contains “suitable measures 
to limit” the “radiological impacts 
on… society and the environment” by 
means of using “technologies in the 
design and construction” which are 
supported by “experience, testing or 
analysis.”11 The convention therefore 
provides some clarity by way of 
 direction, but does not provide for 
“absoluteclarity”byprovidingspecific
explanation to contracting parties on 
which methods to employ. 

Though, some may argue a need 
for “absolute clarity” in the inter-
national waste management con-
vention, one may view the resultant 
 concept of “adequate” that is left in 
the place of “absolute clarity” as 
sufficient for the purpose to the
deficiency it is attempting to correct.
Lord Drummond Young finds that 
in the United Kingdom, the Court of 
 Sessions12, has denoted the concept  
of “adequate” (i.e., that which is 
 necessary) as an absolute concept13. 

Though “adequate” may be viewed 
as an absolute concept, it does not, as 
Lord Young seems to indicate,  exclude 
the further concept of “ desirable” (i.e., 
the ‘necessary’ and/or ‘desirable’ test). 
Thus, a  decision-maker “[may] make a 
 determination if the provisions in place 
{i.e., that which is necessary} are ade-
quateforthepurpose”ofthedeficiency,
he is attempting to correct [16]. 

Should a decision-maker ascertain 
through a value judgment that that 
which is necessary complies with the 
standard of the provisions provided; 
no further action needs to happen as 
he may proceed based on the provi-
sion as written. However, where a 
 provision is not clear, or if the 
 decision-maker through the exercise 
of aqualitative value judgmentfinds
the provision to be inadequate, then 
the decision-maker may consider how 
tocorrect theperceiveddeficiency. It
is through this ‘desire’ aspect allowed 
in law (i.e., desirability) that allows 
for the decision-maker in this instance 
“to make decisions in which this 
wouldnotonlyremedytheidentified
insufficiency/deficiency, but lead to
provision over and above the standard 
of adequacy” [ibid].

Therefore, though the  Inter national 
Waste Management Con vention may be 
viewed as a concept that is “adequate 
for the purpose” and not  viewed as a 
concept of “absolute clarity”, it is  
a valuable tool in the real world of 
 international ‘politics’ as it contains 
the base element of ‘necessary’, as 
well as open areas of ‘desirable’ in its 
structure. Thus, these two particular 
elements provide the basic underlying 
strength of the document as well  
as allow a nation state to use the 
 sovereignty it enjoys to develop its 
own nuclear waste management 
 strategy that is comparable to those  
of the other nation states, which are 
party to the convention. 

4.2 Communication
To facilitate communication and 
 information exchange among its 
 Member States, the International 
Atomic Energy Agency (IAEA) instituted 
a revised waste classification system 
in 1994, and updated in 2009 [see 
 reference 17]. These take into account 
both qualitative and quantitative 
 criteria, including radioactivity levels 
and heat content. It may be readily 
submitted that where the Joint Nuclear 
Waste Management Convention has 
what may be termed “adequate” as it 

9) For a more detailed overview, the following papers are recommended: Manderson, D 2013, 'MEMORY AND ECHO', Cultural Studies, 27, 1,  
pp. 1129; Zartner, D 2012, 'THE CULTURE OF LAW: UNDERSTANDING THE INFLUENCE OF LEGAL TRADITION ON TRANSITIONAL JUSTICE IN 
POSTCONFLICT SOCIETIES', Indiana International & Comparative Law Review, 22, 2, pp. 297315; Yang, L, & van der Wal, Z 2014, 'Rule of 
 Morality vs. Rule of Law?', Public Integrity, 16, 2, pp. 187206; and, Mamlyuk, B, & Mattei, U 2011, 'COMPARATIVE INTERNATIONAL LAW', 
Brooklyn Journal Of International Law, 36, 2, pp. 385452.

10) An additional example is found in the statement of the contracting parties to IAEA’s Nuclear Waste Convention in 1997 in the declaration of the 
following: “Recognizing that the definition of a fuel cycle policy rests with the State, some States considering SNF as a valuable resource that 
may be reprocessed, others electing to dispose of it” [15].

11) Reference 15, See Article 7. DESIGN AND CONSTRUCTION OF FACILITIES, paragraphs i. and iii. 
12) The Court of Session, Scotland's supreme civil court, sits in Parliament House in Edinburgh. It is a court of first instance and a court of appeal.  

The court is headed by the Lord President, with the second in rank being the Lord Justice Clerk.
13) See *R (on the application of Assura Pharmacy Ltd) v National Health Service Litigation Authority (Family Health Services Appeal Unit) and other 

applications [2008] EWHC 289 (Admin).
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overarching concept, the IAEA waste 
classification system strives for the
 attainment of “absolute [pure] clarity” 
in its purpose of use.

IAEA's six classes were developed 
as clear guidance for nation states. It 
provides a uniform standard in waste 
management and establishes a frame-
work which provides the minimum 
base level as it relates to radiation and 
safety. Its intent is to provide inter-
national consistency and clarity in  
the storage of nuclear waste among 
nuclear power generating nation 
states. That being said, each nation 
states definitions, and classifications
may vary slightly and/or be more 
succinctlydefinedaccording to those
nation states statutory and regulatory 
requirements. Mostly all incorporate 
this basic system of use as its 
 foundation. 

5 The options for ‘Strategy’

5.1 Nuclear fuel reprocessing
Nuclear fuel reprocessing14 is the 
 process of immersing spent nuclear 
fuel in a chemical solution. This  causes 
the uranium and plutonium to be 
 separated from the non-reusable 
 residues. The resultant highly radio-
active residues create high-level 
waste. An advantage (compared to 
that of more traditional sources of 
 energy production – coal, oil, natural 
gas)isthepossibilitytorecoverfissile
materials, that otherwise would be 
‘discarded’. 

This material is then blended with 
either natural uranium, reprocessed 
uranium, or depleted uranium to 
 provide new fuel (e.g., mixed oxide 
fuel (MOX)) for ‘re-use’ in existing  
or new planned nuclear power gen-
erating plants15. A further advantage 
is obtained by the mitigation of the 
 volume of SNF that must be 
per manently stored. For a nation state 

that has limited land space this 
 reduction of volume might be cause 
for consideration to pursue this route, 
as it allows for the shrinking of the 
size of the geological repository 
 required. 

The process known generically as 
PUREX (which utilizes the extractant 
tributyl phosphate (TBP) mixed in a 
largely inert hydrocarbon solvent) 
 became the dominate media in the 
arena because of its high performance 
in industrial scale plants16 [18]. 
 PUREX- based SNF reprocessing con-
sists of leaching the SNF from the 
cladding using a nitric acid solution, 
chemicaladjustment,andfiltrationof
the resulting feed solution. Several 
 cycles of solvent extraction to separate 
and purify the uranium and plu-
tonium is conducted, as well as 
solidificationoftheresultinguranium
and or plutonium product [19]. The 
separation of uranium and plutonium 
from SNF results in a high-level waste 
that is stored17. It is the resultant 
 plutonium and fears surrounding 
 issues of proliferation, which is the 
main negative for the reprocessing of 
SNF. 

5.2 Interim storage
Two acceptable storage methods for 
the interim storage of SNF, which 
 exist, following its removal from a 
 reactor core are:
1. SNF Pools – SNF is safely stored  

in specially designed pools at 
 individual reactor sites [20]. In 
these pools, water provides cooling 
and radiation shielding for the SNF 
[22]. The fuel rods are stored in at 
least twenty feet of water, which 
does provide adequate shielding 
from radiation. The pools are 
 relatively close to the reactor 
 vessel, so the rods are able to be 
moved along the bottom of water 
canals. Most pools are originally 

designed to store several years’ 
worth of SNF [20].  

2. DryCaskStorage–Ifpoolcapacity
is reached at a site, an option avail-
able is the possibility to move to-
wards use of a dry storage  system. 
[20] Casks do not havingmoving
parts, in which natural  circulation 
provides for means of air-cooling 
decay heat removal. This is a pre-
ferred option for  long-term storage 
of SNF until a  geological repository 
ismade available forfinal storage
of SNF [21]. The casks may be 
made of  either metal or concrete, 
and the SNF is surrounded by inert 
gas  inside the container [ibid]. 

5.3  Geological waste storage 
facility

The preferred method for the storage 
of nuclear waste and SNF is the 
 method of encapsulating the waste or 
SNF and then placing it underground 
in a storage facility. Selecting the most 
appropriate method for implementing 
geological disposal requires a nation 
state to carry out assessments and 
make decisions regarding which 
method is most appropriate. 
The first stage of a program is

 focused on analyzing and developing 
potentially suitable geological dis-
posal concepts. The second stage  
is to develop design solutions to 
 implement the concept or concepts 
being considered. 
A major issue for the final siting 

of a storage facility is that the 
 management of high-level waste will 
be required for thousands of years. It 
is recommended that institutional 
controls of disposal sites be planned 
for a 10,000 year span [22]. As the 
 authors will discuss such various 
methods in more detail throughout 
the paper, we present a very basic 
 concept here of what a storage and or 
disposal facility is18.

14) The two most widely investigated and implemented methods of reprocessing are generally referred to as aqueous reprocessing and 
 pyroprocessing. Pyroprocessing is currently considered an alternative processing technology to the more commonly used aqueous processing 
 technology. This is accomplished by way of high temperature electro refining. It has yet to be implemented to date on a large scale and is  
mostly undertaken in laboratoryscale settings for engineering scale experimentation and demonstration. [see reference 19 for a more detailed 
 description of these processes].

15) A central goal of nuclear sustainable development is to enhance the effectiveness of natural resource utilization and to reduce the volume and 
longterm radiotoxicity of high level waste employing partitioning and transmutation of minor actinides while the costs of energy products 
 remain economically viable. Around 11,500 tHM (2010) of used fuel are uploaded every year from nuclear power reactors worldwide. The world 
 commercial reprocessing capacity is around 5,550 tons per year [18]. It is estimated that around the year 2020, when most of the presently 
 operated nuclear power reactors approach the end of their licenses operation lifetime, the total quantity of SNF generated will be approximately 
445,000 tHM. [18]

16) The first plant for the reprocessing of SNF from commercial power plants was built in Belgium in the sixties on a multinational basis 
( EUROCHEMIC). In the seventies the industrial implementation using the PUREX process was extended to use with the reprocessing of fuel from 
gascooled reactors, light water reactors (LWR (both boiling water reactors (BWR) and pressurized water reactors (PWR)). France improved and 
adapted the PUREX technology for use in the MOXfuel fabrication. [18]

17) In the United Kingdom (UK), Japan and France the current method of preparing this waste for storage is the vitrification of waste to form a 
 stable borosilicate glass waste form for longterm storage [19].

18) Article 2 DEFINITIONS (d.) in the Joint Convention on the Safety of SNF Management and on the Safety of Radioactive Waste Management 
 provides a definition of “disposal’ thusly: “the emplacement of SNF or radioactive waste in an appropriate facility without the intention of 
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5.4  Multi-national storage 
 facility

The concept of ‘Multi-National  Storage 
Facility’ is as its namesake suggests. 
This is that multiple nation states 
 mutually cooperate in the  design and 
construction of a facility for the  storage 
of nuclear wastes and SNF. 

In Europe for example, the  European 
Parliament and the  European Com-
mission (EC) have both expressed 
 support for concepts that could lead to 
regional shared facilities being imple-
mented intheEU.TheEChas funded
two projects that can form the first 
 

steps of a staged process towards the 
implementation of shared regional or 
international storage and disposal 
 facilities. In the period 2003 to 2005, 
theECfundedtheprojectSAPIERR I19 
(Support Action: Pilot Initiative for 
 European Regional Repositories), a pro-
ject devoted to pilot studies on the 
 feasibility of shared regional storage 
facilities and geological repositories for 
use by European countries20. [Source 
material from references 23 to 27] 

This being said, the assumption is 
made that a multi-national storage 
 facility will not become a reality until  
 

a nation state has finally completed
and begun operation of a nation 
specificstoragefacilityandcompleted
the entire process of implementation. 
The public at large will need to see 
that such a facility is feasible on a 
‘ local’  level before the attempt at a 
multi- national effort can become a 
 reality. With more and more nation 
states  developing new nuclear power 
programs, such a concept might be of 
interest to help mitigate costs, prolif-
eration concerns, and security issues.

To be continued: Part II and Part III  
in atw 12 (2016) and 1 (2017).

retrieval”. The irretrievability of SNF has not been fully decided by all nation states and therefore, the authors use the term “disposal” 
 throughout the paper interchangeable to mean either final disposal or final storage.

19) The SAPIERR I project considered the basic technical and economic feasibility of implementing regional, multinational geological repositories in 
Europe. The studies (Stefula 2006, Boutellier and McCombie 2004, Chapman et al.2005) indicated that shared regional repositories are feasible.  
A first step is to establish a structured framework for the future work on regional repositories. The present SAPIERR II project (Strategic Action 
Plan for Implementation of Regional European Repositories) examines in more detail specific issues that directly influence the practicability and 
 acceptability of such facilities. If these are to become a reality, a dedicated organization is required that can work towards the goal on the 
 extended timescales that national disposal programs have thus far shown to be necessary. 

20) The European Development Organization (EDO) is the initiating nonprofit organization for a shared geological disposal facilities project. Its 
 objective is to establish the systems, structures, and agreements to carry out all the work necessary for putting in place a shared waste 
 management solution and geological repository (or repositories). This work would continue through the investigation of potential sites and  
up to the point of license application to begin the construction of a repository. It is assumed that this takes about 10+ years. The European 
 Repository Organization (ERO) is the implementing organization for waste disposal. The ERO would be the license holder for the repository  
and responsible for all  subsequent operational activities in a host country which has agreed to dispose of wastes from other European countries. 
The  organizational form for the ERO will be chosen at a future date by the members of the EDO, assuming that they come to the conclusion that 
the EDO organization needs to be altered. The choice will also be strongly influenced by the preferences of the country or countries that have 
been identified as repository hosts. The ERO could be either nonprofit or commercial in structure. [see references 2327 for a more detailed 
overview and description.]
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Evolution of Spent Fuel Dry Storage
Paul Nicholas Standring and Ferenc Takats

1 Introduction In 2014 there were 438 nuclear power plants (NPPs) in operation in 30 countries, with a 
 global generating capacity of 375.5 thousand MW(e). Around 10,000 tHM of spent fuel is discharged per year of which 
3,000 tU is reprocessed; spent fuel therefore, is currently accumulating at a rate of ~7,000 tHM per year. In 2014 there 
was about 258,700 tHM of spent fuel residing in storage. Whilst the bulk of spent fuel is still held in at reactor pools, 
24 countrieshavedevelopedawayfromreactor(AFR)storagefacilities;eitheronthereactorsiteoranotherlocation.
Of the 146 operational AFR storage facilities 80% use dry storage; the majority being deployed over the last 20 years. 
Thisreflectsboththedevelopmentofdrystoragetechnologyaswellaschangesinpoliticsandtradingrelationshipsthat
have affected spent fuel management policies.

The geographical distribution of AFR 
(both on the reactor site and off site) 
spent fuel storage facilities are given 
in Figure 1.

Over the last 34 years the Inter-
national Atomic Energy Agency (IAEA) 
has run two coordinated research 
projects (CRPs) on the behaviour of

spent fuel assemblies in storage 
(( BEFAST) – (1981 to 1996)) and 
spent fuel performance assessment 
and  research ((SPAR) – ((1997 to  
2014)). Whilst these CRPs were
 principally aimed at developing a 
knowledge base on on-going spent 
 fuel and  storage system performance, 

the projects, however, also capture the 
evolution and supporting research 
and development (R&D) of spent  
fueldrystorageinArgentina,Canada,
France, Germany, Hungary, Japan, 
Republic of Korea, Spain, Switzerland 
and United States of America.
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